The seed coat morphology of 10 Campanula species from Turkey, 3 of which are endemic, was studied using scanning electron microscopy. Characteristics of the seeds and their surface morphology were described and compared. Two different types were described based on seed surface features. The Type 1 seed surface was characterized by a reticulate pattern; only C. olympica belonged to this type. The Type 2 seed surface had a striate testa and was the most common type. It included C. lyrata subsp. lyrata, C. rapunculoides L. subsp. rapunculoides, C. glomerata L. subsp. hispida, C. involucrata, C. saxonorum, C. persicifolia, C. latiloba subsp. latiloba, C. lactiflora and C. rapunculus L. var. lambertiana. However, some differences among these species were determined on the basis of their seed surface features at the microstructural level. These features were evaluated as possibly consistent parameters in the delimination of the Campanula taxa studied.
Introduction
The Family Campanulaceae Jussieu is comprised of 84 genera and nearly 2,400 species (Lammers 2007) . The family has a cosmopolitan distribution and is present in a wide array of habitats from tropical rain forest to tundra (Antonelli 2008) . As currently circumscribed, the family is divided into five subfamilies: Campanuloideae Burnett, Lobeliodeaea Burnett, Nemacladoideae Lammers, Cyphioideae (A.DC) Walp and Cyphocarpoideae Miers (Lammers 1998) . The genus Campanula L. is the largest of the Campanulaceae family, comprising about 420 species (Rosatti 1986; Lammers 2007 ). This genus is distributed in the Northern hemisphere and Mediterranean region (Wimmer 1943 (Wimmer , 1953 (Wimmer , 1968 Shetler & Morin 1986) . It is represented by about 114 species in the Flora of Turkey (Damboldt 1978; Davis et al. 1988) . In recent years, 15 new species and one subspecies have been described from Anatolia, and one species and one subspecies were also added as new records for Turkey (Davis et al. 1988; Güner et al. 2000; Behçet & Karabacak 2003) .
Within Campanula, morphological variation is extremely large and it is difficult to circumscribe groups based on vegetative characters (Shetler & Morin 1986) . In recent years, much taxonomic attention has been focused on the Campanulaceae family (Lammers 1993 (Lammers , 1998 . Phylogenetic analysis of DNA restriction site mutations and gene sequences holds great promise in the understanding of systematic relationships in this family (Givnish et al. 1994 (Givnish et al. , 1995 (Givnish et al. , 1996a Pepper et al. 1997; Knox & Palmer 1998; Antonelli 2008) .
Among the various types of non-molecular data, seed coat morphology appears to be of great value (Buss et al. 2001) . It was anticipated that seed morphology could offer a nonmolecular basis for their differentiation (Shetler & Morin 1986; Gustaffson & Bremer 1995; Buss et al. 2001) . Compared with many vegetative and floral structures, seed coat morphology shows very low plasticity (Skvortsov & Rusanovitch 1974; Barthlott 1984) . McVaugh (1943) focused on seed characters in distinguishing genera and infrageneric groupings of North American Lobelioideae (Campanulaceae). Other important contributors were the scanning electron microscope (SEM) study of seed morphology of four genera and 35 species of North America Campanulaceae of Shetler & Morin (1986) and of Lobelioideae by Murata (1992 Murata ( , 1995 . Buss et al. (2001) demonstrated the importance of seed coat characters in understanding systematic relationships within the Lobelioideae. Conversely, despite the extensive use of fruits in the taxonomy of Campanulaceae in general, micromorphological studies on the seed coat features of Turkish Campanula species have not been done.
The objective of the present study was therefore to use SEM to investigate the seed coat characters of some Campanula species present in Turkey and to determine their utility in systematics.
Material and methods
Plant materials from 10 species of Campanula were collected from different localities (Table 1) University in Samsun, Turkey (OMUB). The list of collection localities, collected taxa and their voucher numbers are detailed in Table 1 . Approximately 15 seeds from each taxon were analysed. The dried seed samples were mounted on SEM stubs using double-sided adhesive tape and coated with 12.5-15 nm of gold. Coated seeds were examined and photographed with a JSM-6400 scanning electron microscope.
Results
Most seeds in the current study displayed seed coat patterns conforming with those described by Murata (1992 Murata ( , 1995 for Lobelioideae. Two basic morphological seed coat patterns could be distinguished; namely, reticulate (Type 1) and striate (Type 2) testas. Some seed surface characters showed variability among taxa when investigated with SEM, suggesting classification into several subtypes.
TYPE 1 (Figs 1-2)
In Type 1, seeds were characterized by a reticulate surface, although the thickness of the radial walls and relative dimensions of the cells were of different degrees. The individual cells were more or less isodiametric or irregularly hexagonal, with thick radial walls and often with a wide lumen. Among the studied species, only C. olympica Boiss. displayed this type of seed (Figs. 1-2) . In Type 2, which was the most common, seeds were characterized by a striate testa. Cells were elongate, fusiform or fibriform, with relatively thick radial walls and often an indistinct lumen, which was essentially linear. Taxa with this type of seed were: C. lyrata Lam. subsp. lyrata, C. rapunculoides L. subsp. rapunculoides, C. glomerata L. subsp. hispida (Witasek) Hayek, C. involucrata Aucher ex A. DC., C. saxonorum Gandoger, C. persicifolia L., C. latiloba A. DC. subsp. latiloba, C. lactiflora Bieb., and C. rapunculus L. var. lambertiana (A. DC.) Boiss (Figs 3-20) . These species, besides showing similarities in seed coat morphology, also displayed some differences (Table 2 ). In C. saxonorum and C. persicifolia, the seed surfaces were of interrupted striate type , whereas they were faintly striate in C. lactiflora and C. rapunculus var. lambertiana (Figs 17-20) . In C. lactiflora and C. rapunculus var. lambertiana, the areoles of the cells were laterally compressed to such a degree that the lumen was essentially linear, giving the seed coat a faintly striate appearance, whereas C. persicifolia and C. saxonorum had interrupted striate testas. The cells of the seed coats were elongated and had thick radial walls. Additionally, the shape of C. saxonorum and C. lactiflora seeds was fusiform, while the other investigated taxa had seeds of fibriform shape (Table 2) .
Discussion
Among the taxa investigated, five species belong to the subgenus Rapunculus (Fourr.) Charadze, while the other species belong to subgenus Campanula. C. lyrata subsp. lyrata, C. saxonorum and C. latiloba subsp. latiloba are endemic to Turkey . Seed coat morphology of the Turkish Campanula species in the current study was relatively uniform, but there were a number of patterns distinctive to individual species. Two main types and some subtypes of seed coat morphology were revealed. (Table 2 ). Type 1 included only one species, namely C. olympica. The seeds of C. olympica can be distinguished from the other species by their reticulate seed coat (Figs 1, 2) . Based on its seed coat pattern, C. olympica appears to have no close relatives among the investigated Campanula taxa. Earlier research reported that Campanulaceae seeds termed Type B are characterized by a reticulate surface, and sometimes a verruculate surface, on the reticulum (Murata 1992 (Murata , 1995 Antonelli 2008) .
Type 2 was found in C. lyrata subsp. lyrata, C. rapunculoides subsp. rapunculoides, C. glomerata subsp. hispida, C. involucrata, C. saxonorum, C. persicifolia, C. latiloba subsp. latiloba, C. lactiflora and C. rapun- culus L. var. lambertiana, despite the fact that they belong to five different sections. This was obviously the most heterogeneous group and some subtypes were distinguished on the basis of their seed coat surface. The seeds of C. lyrata subsp. lyrata, C. rapunculoides subsp. rapunculoides, C. glomerata subsp. hispida and C. involucrata had very similar surface patterns (Figs  3-10) . Of these species, C. lyrata subsp. lyrata is endemic to Turkey . The seed coat pattern of these four species was distinctly striate. However, the seeds of C. saxonorum and C. persicifolia had an interrupted striate patterning (Figs 11-14) , while C. latiloba subsp. latiloba, C. lactiflora and C. rapunculus L. var. lambertiana showed only a faintly striate seed coat pattern (Figs 15-20) . Murata (1995) reported that in Type C, 21 species of Cyanea Gaudich. (Campanulaceae) had seeds characterized by a striate or striate-verruculate testa. It appears that the seed coat features of some species may be used, in addition to morphology, as taxonomic characters, because morphologically similar species had some differences between the surface features of their seeds (Table 2 ). For example, the seed coat patterns of C. persicifolia and C. latiloba subsp. latiloba displayed some differences; C. (Figs 13-16 ), although no morphological differences of their seeds was reported in their descriptions by Davis (1988) . C. persicifolia and C. latiloba are currently separated by sessile versus pedicellate flowers and apical versus median capsule pores, respectively. Despite these differences, it is difficult to distinguish between these two species in the field. However, they can be distinguished consistently in the field based on seed surface pattern: interrupted striate seed coat inC. persicifolia and faintly striate seed coat pattern inC. latiloba subsp. latiloba. Few studies have been made of the adaptive significance of seed coat sculpturing and ornamentation in Campanulaceae. The seeds have no obvious adaptations for animal or bird dispersal, whereas ornamentation might enhance their chances of being dispersed by animals (Shetler & Morin 1986 ). For example, C. olympica has a reticulate seed surface and this may confer a selective advantage in dispersal, at least in some environments. It was also suggested that such features have selective advantages in dry habitats by reducing water loss (Shetler & Morin 1986 ). In the current study, C. olympica had more or less isodiametric cells with relatively wide lumens and thinner walls, and reticulate surface (Table 2) . Campanula aparinoides Pursh and C. floridana S. Watson ex A. Gray seeds were reported to have epidermal cells with relatively large lumina and thin walls, and consequently a greater dispersal capacity in moist habitats by giving the seeds of these species a greater buoyancy (Shetler & Morin 1986) .
Based on previous research and the results presented here, it can be concluded that the micromorphological features of their seed surfaces are useful for the identification of some Campanula species. These findings suggest that the broad investigation of the seeds of other Campanula taxa is necessary to understand whether or not such surface patterns can be confidently utilized to differentiate individual taxa and groupings.
